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本论文首先考察了近海海洋产电菌 Shewanella marisflavi EP1 对偶氮染料、
三苯基甲烷类染料和蒽醌染料的脱色特性。EP1 菌株的 优脱色条件为：厌氧，
30℃~35℃，pH 7.0~8.0，NaCl 浓度为 1%，以乳酸为碳源，以 NH4Cl 为氮源，
在染料初始质量浓度为 50 mg/L 时，10 h 内脱色率达 99.95%。 
随后阐明了偶氮染料的脱色机制：NaCl 浓度为 0%~8%时，脱色机制为生物
降解，且降解率随 NaCl 浓度的提高而降低；NaCl 浓度为 8%~30%时，脱色机制
主要为吸附和盐析，且吸附率随 NaCl 浓度的增加而增加，吸附速率符合拟二级
动力学方程。分析 XP2R 的代谢产物和降解途径：XP2R 首先进行厌氧偶氮还原，
产生两种中间产物；接着在好氧条件下，通过两种断键途径，得到 终产物为
2-甲基-3-氨基-p-苯醌或 1-氨基-2 萘酚。整个脱色过程中，总有机碳去除率不断
增加， 终为 48%；染料及其产物对两种藻类的生物毒性较小。 
再者，研究了 EP1 菌株利用 MFC 技术同时脱色产电时的电子传递机理。阳
极产生的电子首先传递给电极用于产电，再进行厌氧偶氮还原脱色反应。同时脱
色产电时，染料能够促进产电， 大功率密度为 17.73 mW/m2，库仑效率是单纯
产电时的 1.6 倍；并且产电过程加快了染料的偶氮还原速率。产电菌 EP1 产生一




















Exoelectrogens, possessing unique extracellular electron transfer pathways, is 
new type of microbial resources discovered recently. By transferring electrons to a 
terminal acceptor outside the cells, they harvest energy which is needed for cell 
growth and other metabolism of microorganisms. At present, this bioresource is 
mainly utilized to produce electricity in microbial fuel cells (MFCs). Azo dyes, 
especially azo dyes containing sulfonic acid groups, are difficult to penetrate into the 
cells due to the strong polarity and large molecular weight. This refractory organics 
require adding additional electron mediators to the biodegradation of the azo dyes 
containing sulfonate groups and studies suggest that reductive cleavage of azo bond is 
a key step. Based on similar extracellular electron transfer mechanism, we reported 
electricity generation and biodegradation applications of azo dyes such recalcitrant 
pollutants by the marine exoelectrogens for the first time. In this thesis, we focused on 
the decolorization capacity, degradation mechanisms, simultaneous decolorization and 
electricity production in MFC and effects of high salinity on decolorization or 
electricity production. 
Firstly, decolorization characteristics of azo, triphenylmethane and anthraquinone 
dyes by marine exoelectrogens Shewanella marisflavi EP1 were investigated. Its 
optimal conditions were anaerobic, 30℃~35℃, pH 7.0~8.0, NaCl concentration of 
1%, lactate as the carbon source and NH4Cl as the nitrogen source. Under the optimal 
conditions, decolorization rate was up to 99.95% in 10 h as an initial dye 
concentration of 50 mg/L. 
Sequencely, decolorization mechanisms were further clarified in this thesis. 
When the NaCl concentrations were ranging from 0% to 8%, the decolorization 
mechanisms were mainly biological degradation and the degradation rates responsed 
oppositely with the NaCl concentrations. When the NaCl concentrations were ranging 
from 8% to 30%, the decolorization mechanisms were adsorption and salting-out. The 
adsorption rates increased correspondly with the increasing NaCl concentration and it 















firstly degraded to two intermediates after azo reduction under anaerobic conditions. 
Then through two different pathways, the intermediates were decomposed to the final 
products 2-methyl-3-amino-p-benzoquinone or 1-amino-2-naphthol when supplied 
adequate aeration. The dyes and their metabolites were little toxicity to the two algae. 
In the whole process, total organic carbon removal rate gradually enhanced to 48%. 
Lastly, we discussed electron transfer mechanisms of decolorization and 
electricity generation in MFC by strain EP1. Electrons in the anode chamber firstly 
were transferred to electrode for power output, and then they were used for anaerobic 
azo reduction. In this process, the azo dyes enhanced the electricity generation that the 
maximum power density was 17.73 mW/m2 and the coulomb efficiency was 1.6 times 
of the electricity production alone. At the same time, the electricity production process 
accelerated the azo reduction rate. Strain EP1 secreted some electron transport 
substances for decolorization or electricity generation. With a glassy carbon electrode 
as work electrode, there produced a pair of redox peaks at the potential of -0.15 V and 
+0.1 V in the curve. Differential pulse voltammetry curves of solution from operating 
anode chamber of microbial fuel cell showed that the electron transport substances 
were different types of small amount. 
Key Words: Marine exoelectrogens; Biodecolorization; Anaerobic azo reduction; 
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